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Description
FIELD
[0001] The present invention relates to a columnar member.
BACKGROUND

[0002] In an automobile, to lighten the weight and increase the rigidity of the vehicle, columnar members formed by
plastically deforming sheets to cross-sectional hat shapes are welded together to form the car body. Further, to secure
survival space in a passenger compartment at the time of an accident involving collision of an automobile, increasing the
maximum reaction force and absorption energy at the time of bending deformation is sought from the columnar members.
[0003] Forexample, PTL 1 discloses a columnar member which has a top wall extending along a predetermined main
axis, side walls extending along two side edges of the top wall, and flange parts extending at the side walls along edge parts
at opposite sides from the top wall and which has an approximately hat shaped cross-section vertical to the axis. The
columnar member is provided with low strength parts adjoining the side edge parts connected to the top wall and having a
strength lower than the strength of a base member.

[CITATIONS LIST]
[PATENT LITERATURE]
[0004]

[PTL 1] Japanese Patent No. 6268780
[PTL 2] European patent application EP 2 541 093 A1.

SUMMARY
[TECHNICAL PROBLEM]

[0005] Toachieve boththe secured collision safety and lighter weight demanded from vehicles, various improvements of
not only the materials used for the vehicles, but also the designs are sought. In particular, greater compactness and higher
efficiency are strongly sought from the front side members, rear side members, or center pillar and other members mainly
absorbing the energy at the time of a collision. These members absorb impact by bending deformation, but the members
rapidly end up weakening along with bending deformation. For this reason, adding reinforcing members to these members
has been studied a lot, but addition of reinforcing members ends up increasing the weight. Further, due to the reinforcing
members, the reinforced parts become too strong and the envisioned deformation modes cannot be realized. Conversely,
there was the problem of causing significant deterioration of the impact absorbing performance.

[0006] Further, recently, the sources of drive power of automobiles have been shifting from the conventional internal
combustion engines to electric motors and other small sized sources of drive power. If the sources of drive power of
automobiles are made smaller, the degree of freedom in the structures of car bodies, which had been restricted due to the
presence of internal combustion engines, increases. For example, the spaces in which internal combustion engines had
been provided become able to be utilized as spaces for passenger compartments. Vehicle designs answering the needs of
users for larger passenger compartments are made possible.

[0007] Onthe otherhand, the spaces in which internal combustion engines are provided do notendanger passengersin
passenger compartments even if crushed at the time of a collision, so have been utilized for securing collision safety. For
this reason, if utilizing the spaces in which internal combustion engines are provided for enlarging passenger compart-
ments, there is a possibility that crushing of the car bodies occurring at the time of collision would endanger the passengers
in the passenger compartments and the problem would arise that safety at the time of collision would no longer be able to
be secured.

[0008] Inthe above way, if utilizing the spaces in which internal combustion engines are provided to enlarge passenger
compartments, the spaces which had been utilized for securing collision safety would be reduced, so it is desirable to
absorb the impact energy in narrower spaces.

[0009] The artdescribedin PTL 1 provides low strength parts adjoining the side edge parts connected to the top wall at
the side walls of a columnar member having a hat shape cross-section so as to keep down the rapid decrease in the
reaction force during bending deformation and raise the absorption energy, but there is room for further improvement if
envisioning absorption ofimpact energy by a narrower space. Further, the art described in PTL 1 is art envisioning collision
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from the side of a columnar member and does not envision bending deformation in the case of a compressive load being
applied in an axial direction of a columnar member.

[0010] PTL 2 discloses a columnar column according to the preamble of claim 1.

[0011] Therefore, the presentinvention has as its object the provision of a columnar member able to absorb more energy
at the time of collision without an accompanying increase in weight.

[SOLUTION TO PROBLEM]

[0012] The gist of the present invention is as follows:
[0013]

(1) A columnar member having at least

a top plate and

two vertical walls connected to the top plate at ridge parts at both side edges of the top plate and extending along
the ridge parts,

which columnar member

having a bend inducing part at least at a part of the top plate and

each of the two vertical walls having a soft part at a position adjoining the ridge part and corresponding to the bend
inducing part in a direction of extension of the columnar member,

the bend inducing part being a part with a strength lower than a part adjoining the bend inducing part at the top
plate,

each of the soft parts having yield strength lower than a part adjoining each of the soft parts at the vertical wall,
each of maximum lengths of each of the soft parts in the direction of extension of the columnar member being 0.01
time to 0.15 time a height of the vertical wall.

(2) The columnar member according to (1), where each of the lengths of each of the soft parts in the height direction of
the vertical wall is 0.15 time to 0.9 time the height of the vertical wall.

(3) The columnarmember according to (1) or (2), where each of ratios of each of yield strengths of each of the soft parts
with each of yield strengths of each of parts adjoining each of the soft parts at the vertical walls is 0.2 to 0.8.

(4) The columnar member according to any one of (1) to (3), wherein end parts of the soft parts at the top plate sides are
positioned at end parts of the ridge parts connecting the top plate and the vertical walls at the vertical wall sides.
(5) The columnar member according to any one of (1) to (4), wherein the bend inducing partis comprised of arecessed
part, hole, or projecting part provided at the top plate.

(6) The columnar member according to any one of (1) to (4), wherein

the top plate has at least two reinforcing parts provided separated from each other in the direction of extension of
the columnar member, and

the bend inducing part is positioned between the reinforcing parts separated from each other in the direction of
extension of the columnar member.

(7) The columnar member according to any one of (1) to (5), wherein the bend inducing part includes recessed part,
hole, or projecting part provided at the ridge part connecting the top plate and the vertical wall.

(8) The columnar member according to any one of (1) to (7), forming a front side member or rear side member of a
vehicle.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0014] Accordingtothe presentinvention, acolumnarmember able to absorb more energy atthe time of collision without
an accompanying increase in weight is provided.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1 is a schematic view for explaining a structure of a car body floor of an automobile according to an embodiment
and a plan view of the car body floor seen from above.
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FIG. 2 is a view of the car body floor seen from below.

FIG. 3 is a perspective view showing the configuration of a columnar member according to an embodiment of the
present invention.

FIG. 4 is a cross-sectional view showing a cross-section (transverse section) taken at a plane vertical to a longitudinal
direction of a direction of the main axis of the columnar member at a bend inducing bead position.

FIG. 5is a perspective view showing the configuration of a columnar member of a base member model atwhich abead
part is not provided.

FIG. 6A is a schematic view showing in time series a state of progression of bending deformation of a columnar
member when the columnar member is subjected to a compressive load in the direction of the main axis.

FIG. 6B is a schematic view showing in time series a state of progression of bending deformation of a columnar
member when the columnar member is subjected to a compressive load in the direction of the main axis.

FIG. 6C is a schematic view showing in time series a state of progression of bending deformation of a columnar
member when the columnar member is subjected to a compressive load in the direction of the main axis.

FIG. 7 is a schematic view showing a state of a vicinity of a bend inducing bead of the top plate of the columnar member
seen from above at the timing shown in FIG. 6C.

FIG. 8is a schematic view showing a state of a vicinity of a bend inducing bead of the top plate of the columnar member
seen from above atthe same timing as FIG. 6C in the case where a columnar member with alength | of a soft partin the
direction along the main axis Om not made 0.01 time to 0.15 time a height H of the vertical wall is subjected to a
compressive load under the same conditions of FIG. 6A to FIG. 6C.

FIG. 9 is a graph showing a relationship between a stroke (abscissa) and reaction force (ordinate) if applying a
compressive load in the direction of the main axis Om on a columnar member according to the present embodiment

and a columnar member of a base member model.

FIG. 10A is a view showing a state of bending deformation of the columnar member of the present embodiment at a
timing of a stroke S1 in a characteristic of the stroke and reaction force shown in FIG. 9.

FIG. 10B is a cross-sectional view showing a state of breakage of a columnar member along a one-dot chain line II-1I’
shown in FIG. 10A.

FIG. 10C is a view showing a state of bending deformation of the columnar member of the present embodiment at a
timing of a stroke S2 in a characteristic of the stroke and reaction force shown in FIG. 9.

FIG. 11A s a view showing a state of bending deformation of the columnar member of the base member model at the
timing of a stroke S1 in the characteristic of the stroke and reaction force shown in FIG. 9.

FIG. 11B is a view showing a state of bending deformation of the columnar member of the base member model at the
timing of a stroke S2 in the characteristic of the stroke and reaction force shown in FIG. 9.

FIG. 11C is a view showing a state of bending deformation of the columnar member of the base member model at the
timing of a stroke S3 in the characteristic of the stroke and reaction force shown in FIG. 9.

FIG. 12 is a schematic view showing in detail a soft part provided at a vertical wall.
FIG. 13 is a cross-sectional view showing enlarged a vicinity of the soft part in FIG. 3.

FIG. 14 is a graph showing a relationship between a stroke and reaction force for every variation of shape of the soft
part.

FIG. 15is a graph showing a relationship between a stroke and reaction force for every variation of strength of the soft
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part.

FIG. 16A is a graph showing a relationship of a length | of the soft part and a ratio of amount of energy absorption.
FIG. 16B is a graph showing a relationship of a height "h" of the soft part and a ratio of amount of energy absorption.
FIG. 16C is a graph showing a relationship of an angle of vertical walls and a ratio of amount of energy absorption.
FIG. 16D is a graph showing a relationship of an angle of vertical walls and a ratio of amount of energy absorption.
FIG. 17, in the same way as FIG. 12, is a schematic view showing in detail a soft part provided at a vertical wall and a
view showing an example where a space is provided between a position of a top end of a soft part and a position of a
bottom end of a ridge part.

FIG. 18, like FIG. 14, is a graph showing a relationship between a stroke and reaction force of a columnar member and
a graph showing a characteristic C11 at the columnar member when making the space "s" shown in FIG. 17 5 mm

together with a characteristic C1 and a characteristic C2 of FIG. 14.

FIG. 19is a perspective view showing an example where the bend inducing partis comprised of a hole provided at the
top plate.

FIG. 20 is a perspective view showing an example where the bend inducing part is comprised of four recessed beads
extending in the direction of the main axis.

FIG. 21is a schematic view showing an example where the columnar member is comprised of two hat shape members
and a schematic view showing a cross-section along a direction perpendicular to the direction of the main axis of the

columnar member.

FIG. 22 is a perspective view showing an example where the bend inducing part is comprised of a V-shaped bend
inducing bead spanning the two side edges from the top plate.

FIG. 23 is a perspective view showing another example of a bend inducing part.
FIG. 24 is a perspective view showing another example of a bend inducing part.
FIG. 25 is a perspective view showing another example of a bend inducing part.
FIG. 26 is a perspective view showing another example of a bend inducing part.
FIG. 27 is a perspective view showing another example of a bend inducing part.
FIG. 28 is a perspective view showing another example of a bend inducing part.
FIG. 29 is a perspective view showing another example of a bend inducing part.
FIG. 30 is a perspective view showing another example of a bend inducing part.
FIG. 31 is a perspective view showing another example of a bend inducing part.
FIG. 32 is a perspective view showing another example of a bend inducing part.
FIG. 33 is a perspective view showing another example of a bend inducing part.
FIG. 34 is a perspective view showing another example of a bend inducing part.
FIG. 35 is a perspective view showing another example of a bend inducing part.

FIG. 36 is a perspective view showing another example of a bend inducing part.
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FIG. 37 is a perspective view showing another example of a bend inducing part.
FIG. 38 is a perspective view showing another example of a bend inducing part.
FIG. 39 is a perspective view showing another example of a bend inducing part.
FIG. 40 is a perspective view showing another example of a bend inducing part.
DESCRIPTION OF EMBODIMENTS

[0016] Below, referring tothe drawings, a columnar member according to an embodiment of the presentinvention will be
explained. First, referring to FIG. 1 and FIG. 2, the configuration of a car body floor 110 to which a columnar member
according to an embodiment of the presentinvention is applied will be explained. FIG. 1 is a schematic view for explaining a
structure of the car body floor 110 of an automobile according to the present embodiment and a plan view of the car body
floor 110 seen from above. FIG. 2 is a view of the car body floor 110 seen from below.

[0017] AsshowninFIG. 1, the car body floor 110 has a floor panel 112, floor cross members 114a to 114f, front bumper
115, front side members 116a, 116b, rear side members 117a, 117b, rear bumper 119, and side sills 120.

[0018] The side sills 120 extend on the left and right side surfaces of the automobile in the front-back direction (vehicle
length direction) of the automobile. The floor cross members 114a to 114f extend in the left-right direction (vehicle width
direction) of the automobile. The floor cross members 114ato 14fare joined at the two end parts to the left and right side sills
120 by welding, riveting, bolting, etc. (below, referred to as "welding etc.")

[0019] The floor cross members 114b to 114e are arranged extending in the vehicle width direction in the region
surrounded by the left and right side sills 120, floor cross member 114a, and floor cross member 114f.

[0020] Below the floor cross members 114b to 114e, a floor panel 112 is arranged. The floor panel 112 is fastened to the
floor cross members 114a to 114f and side sills 120 by welding etc.

[0021] The floor cross members 114a to 114f may all be comprised of hat shape members (hat shape cross-section
members). Further, the floor cross members 114ato 114f may also be comprised of hollow tubular members and may have
rectangular shaped cross-sections perpendicularly interesting the longitudinal direction.

[0022] Attheinsidesfromthe sidesills 120 in the vehicle width direction, two front side members 116a, 116b extendinthe
vehicle length direction. The rear side end parts of the front side members 116a, 116b abut against the floor cross member
114f and are fastened by welding etc. to the floor cross member 114f.

[0023] The top surfaces of the front side members 116a, 116b may abut against the floor panel 112 and may be fastened
to the floor panel 112 by welding etc.

[0024] At the rear side of the floor cross member 114f, two rear side members 117a, 117b extend in the vehicle length
direction. The end parts of the rear side members 117a, 117b at the front side are fastened by welding etc. to the floor cross
member 114f. At the end parts of the rear side members 117a, 117b at the rear side, the rear bumper 119 is fastened.
Further, between the rear side members 117a, 117b in the front-rear direction, a cross member 117c connecting the rear
side member 117a and the rear side member 117b is arranged. The end parts of the cross member 117c¢ are respectively
fastened by welding etc. to the rear side member 117a and rear side member 117b.

[0025] As explained above, the front side members 116a, 116b, rear side member 117a, 117b, and other members are
members mainly responsible for absorbing energy at the time of collision when the vehicle is involved in a collision. Greater
compactness and higher efficiency are being strongly demanded.

[0026] The inventors discovered to place soft parts in ranges near bending inducing parts of these members to achieve
both elimination of weakening of the members along with bending deformation and avoidance of increased weight.
According to the present invention, it is possible to decrease the weakening of these members accompanying bending
deformation without adding reinforcing members.

[0027] FIG. 3isaperspective view showing the configuration of a columnar member 100 according to an embodiment of
the present invention. The columnar member 100 is particularly suitable for application to the front side members 1163,
116b or the rear side members 117a, 117b among the members forming the car body floor 110. Note that, the columnar
member 100 may also be applied to the floor cross members 114ato 114f or the side sills 120 or other component elements
ofthe carbody floor 110 shown in FIG. 1. Furthermore, the columnar member 100 may also be applied to the vehicle center
pillar, A-pillar, B-pillar, or other component elements other than the car body floor 110.

[0028] AsshowninFIG. 3, the columnar member 100 has at least a top plate 12 and two vertical walls 14, 16 connected
with the top plate 12 at the ridge parts of the two side edges 12a, 12b of the top plate 12 and extending along the ridge parts.
Below, the case where the columnar member 100 has a hat shape member 10 and a plate-shaped member 30 will be used
as an example in the explanation. The hat shape member 10 and the plate-shaped member 30 are, for example, formed
from steel sheets.

[0029] The hatshape member 10 is provided with a plate shaped top plate 12, vertical walls 14, 16 connected to the top
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plate 12 at ridge parts of the two side edges 12a, 12b of the top plate 12 and extending along the ridge parts, and flange
parts 18, 20 extending along the edge parts 14a, 16a at the opposite sides of the vertical walls 14, 16. The direction of the
main axis Om shown in FIG. 3 shows the longitudinal direction in which the columnar member 100 extends. The main axis
Om may be aline passing through the center of gravity of the cross-section perpendicular to the longitudinal direction of the
columnar member 100. Note that, the direction in which the columnar member 100 extends is not limited to a straight
direction. The columnar member 100 may also extend in any curved direction.

[0030] Atleast part of the top plate 12 of the hat shape member 10 is formed with a bend inducing part 22. Further, the
vertical wall 14 is formed with a soft part 14b. Similarly, the vertical wall 16 is formed with a soft part 16b. The soft parts 14b,
16b are provided at positions corresponding to the bend inducing part 22 in the direction along the main axis Om, thatis, the
direction of extension of the columnar member 100 (longitudinal direction of columnar member 100). Here, "provided at
positions corresponding to" include the case where the soft parts 14b, 16b are provided at the same positions as the bend
inducing part 22 in the direction of extension of the columnar member 100 and the case where at least part of the ranges in
which the soft parts 14b, 16b are provided overlap the range in which the bend inducing part 22 is provided in the direction
of extension of the columnar member 100.

[0031] FIG. 4 is a cross-sectional view showing a cross-section (transverse section) cut at a plane vertical to a
longitudinal direction of the direction of the main axis Om of the columnar member 100 at the position of the bend
inducing bead 22. As shown in FIG. 4, the transverse section of the hat shape member 10 is substantially hat shaped. The
plate-shaped member 30 is joined to the flange parts 18, 20 of the hat shape member 10 by spot welding, line welding, etc.
[0032] The bendinducing part 22 is a part with a lower strength than the parts adjoining the bend inducing part 22 at the
top plate 12. Here, "lower strength than the parts adjoining" means the part initially deforms when the columnar member
100 is subjected to a compressive load in the longitudinal direction. Therefore, if a load is applied in the longitudinal
direction of the columnar member 100, the columnar member 100 will deform by bending at the position of the bend
inducing part22. Inthe example shown in FIG. 3and FIG. 4, the bend inducing part 22 is comprised of a bend inducing bead
(recessed part) formed by a recess of the surface side of the top plate 12 (in FIG. 1, top side of top plate 12). The bend
inducing part 22 is formed by press forming the steel sheet of the base member of the hat shape member 10. The bend
inducing part 22 may also be simultaneously formed with shaping of the hat shape member 10 at the time of press working
for bending the steel sheet and press forming the hat shape member 10.

[0033] The front side members 116a, 116b or the rear side member 117a, 117b forming the car body floor 110 are
subjected to a large impact force in the vehicle length direction and deform by compression when the automobile is
involved in a collision. If the columnar members 100 are used for the front side members 116a, 116b or the rear side
members 117a, 117b, when subjected to a large impact force in the vehicle length direction due to a collision, a
compressive load acts in the direction of the main axis Om of the columnar members 100 and the columnar members
100 deform by bending. The energy of the collision is absorbed by bending deformation of the columnar members 100.
[0034] The bend inducing part 22 is formed for providing an easily bendable location at the columnar member 100 and
becomes a starting point for bending of the columnar member 100 when the columnar member 100 receives a
compressive load in the direction of the main axis Om. Due to this, when the columnar member 100 is subjected to a
compressive load, the columnar member 100 deforms by bending in a certain deformation mode envisioned in advance.
Therefore, when the columnar member 100 is subjected to a compressive load, unenvisioned deformation of the columnar
member 100 is suppressed and safety is secured.

[0035] By providing the bend inducing part 22, when the columnar member 100 is subjected to a compressive load in the
direction of the main axis Om, bending deformation occurs at the columnar member 100 at the position of the bend inducing
part 22 and the columnar member 100 bends at the position of the bend inducing part 22. The reaction force in the direction
ofthe main axis Om of the columnar member 100 when a compressive load is applied increases until the columnar member
100 bends due to the bending deformation and decreases if the columnar member 100 is bent.

[0036] When the columnar member 100 bends, a groove-shaped recess is formed in the top plate 12 in the direction
perpendicular to the main axis Om at the position of the bend inducing part 22 at the inside of the bend. The more the
columnar member 100 deforms and the greater the bend, the narrower the width of the groove-shaped recess and the
closer the distance between the facing inside walls of the groove-shaped recess. Further, if the facing inside walls of the
groove-shaped recess collide with each other, the columnar member 100 will stop bending temporarily and the decreasing
reaction force will start to increase.

[0037] The soft parts 14b, 16b are provided at the two vertical walls 14, 16 of the hat shape member 10 at positions
adjoining the ridge parts in a direction perpendicular to the top plate 12 and corresponding to the bend inducing partin the
direction of extension of the columnar member 100. The soft parts 14b, 16b are comprised as parts lower in yield strengths
(or tensile strengths) than parts adjoining the soft parts 14b, 16b at the vertical walls 14, 16 of the hat shape member 10.
The soft parts 14b, 16b are provided so as to cause earlier formation of the groove-shaped recess, cause the facing inside
walls of the groove shape to collide with each other earlier in the bending deformation, and suppress the decrease in the
reaction force of the columnar member 100 in the process of bending deformation of the columnar member 100. The soft
parts 14b, 16b are formed by selective hardening in hot stamping or partial tempering to soften parts of the vertical walls 14,
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16. The soft parts 14b, 16b have strengths of 0.2 to 0.8 time of the base member strength (yield strength) at other parts of
the steel sheet, preferably 0.2 to 0.6 time.

[0038] Asone example, the soft parts 14b, 16b are made rectangular shapes in a plan view seen from a perspective in a
direction vertical to the vertical walls 14, 16. The maximum lengths | of the soft parts 14b, 16b in the direction of extension of
the columnar member 100 (direction along main axis Om) are made 0.01 time to 0.15 time the heights H of the vertical walls
14, 16. By making the lengths | of the soft parts 14b, 16b in the direction along the main axis Om 0.01 time to 0.15 time the
heights H of the vertical walls 14, 16, after bending deformation of the columnar member 100 starts at the position of the
bend inducing part 22, the facing inside walls of the groove shape collide with each other early in the bending deformation
and the facing inside walls of the groove shape collide with each other in stages over several times, so the drop in the
reaction force is suppressed and the amount of absorption of impact energy increases.

[0039] Ontheother hand, if the lengths | of the soft parts 14b, 16b in the direction along the main axis Om are not made
0.01time to 0.15time the heights H of the vertical walls 14, 16, the facing inside walls of the groove shape do not collide with
each other early in the bending deformation and the facing inside walls of the groove shape do not collide with each otherin
stages over several times, so the reaction force of the columnar member 100 falls and the amount of absorption of impact
energy decreases.

[0040] FIG.6AtoFIG.6C are schematic views showingintime series the states of progression of bending deformation of
a columnar member 100 when a columnar member 100 with lengths | of the soft parts 14b, 16b in the direction along the
main axis Om made 0.01 time to 0.15 time the heights H of the vertical walls 14, 16 is subjected to a compressive load in the
direction of the main axis Om. Note that, in FIG. 6A to FIG. 6C, the positions of the one-dot chain lines show the positions of
the bend inducing parts 22.

[0041] FIG. 6A shows tools 40 for applying a compressive load to the columnar member 100. To analyze the state of
progression of bending deformation at the columnar member 100, shafts are inserted into holes 42 of the tools 40 at the two
ends of the columnar member 100 and the deformation in the case where the shafts are made to approach each other is
analyzed.

[0042] FIG. 6A shows the state when beginning to apply a compressive load in the longitudinal direction of the columnar
member 100. In this state, while a compressive load is applied in the longitudinal direction of the columnar member 100, the
surface of the top plate 12 of the hat shape member 10 and the surface of the plate-shaped member 30 are maintained as
flat surfaces and the columnar member 100 does not yet bend. As explained above, the reaction force of the columnar
member 100 when a compressive load is applied increases until the columnar member 100 bends.

[0043] Next, as shown in FIG. 6B, the shafts inserted into the holes 42 are made to approach each other so that a
compressive load is applied in the longitudinal direction of the columnar member 100. When the columnar member 100
starts to bend atthe position of the bend inducing part 22, wrinkle-like bulges 14d, 16d are formed at the vertical walls 14, 16
and a groove-shaped recess 13d is formed at the top plate 12 at the position of the bend inducing part 22 at the inside of the
bend. Further, projecting parts 13c are formed at the top parts of the soft parts 14b, 16b.

[0044] Next, asshowninFIG.6C,whenthe shaftsinsertedintothe holes 42 are made to further approach each other, the
columnar member 100 further bends and the facing inside walls of the groove shapes collide with each other on the back
side of the projecting parts 13c.

[0045] FIG.7isaschematicview showinga state of a vicinity of abend inducing part 22 of the top plate 12 of the columnar
member 100 seen from above at the timing shown in FIG. 6C. As shown in FIG. 7, at the positions of the soft parts 14b, 16b,
projecting parts 13c are formed at the top parts of the vertical walls 14, 16. Further, atthe timing of FIG. 6C, the facing inside
walls collide with each other at the back sides of the projecting parts 13c. By the facing inside walls of the groove shapes
colliding with each other at the back sides of the projecting parts 13c, a drop in the reaction force of the columnar member
100 is suppressed. Furthermore, if bending deformation of the columnar member 100 progresses, the facing inside walls
13e of the groove-shaped recesses 13d collide with each other. Due to this, the drop in the reaction force of the columnar
member 100 is further suppressed. Further, by the facing inside walls of the groove shapes at the back sides of the
projecting parts 13c colliding with each other and the facing inside walls 13e of the groove-shaped recesses 13d at the
surface side of the top plate 12 colliding with each other in stages at different timings, the drop in reaction force is
suppressed by the plurality of collisions and the amount of absorption of the impact energy is increased.

[0046] Onthe otherhand, if applying a compressive load under the same conditions as FIG. 6A to FIG. 6C to a columnar
member 104 with lengths | of the soft parts 14b, 16b in the direction along the main axis Om not made 0.01 time to 0.15 time
the heights H of the vertical walls 14, 16, the facing inside walls of the groove shapes do not collide with each other early
and, further, do not collide with each other several times, so the reaction force of the columnar member 104 ends up falling
along with the increase of the stroke of the compression.

[0047] FIG. 8 is a schematic view showing the state of a vicinity of a bend inducing part 22 of the top plate 12 of the
columnar member 104 seen from above at the same timing (after the elapse of a certain time T from the start of application
of the compressive load) as FIG. 6C in the case where a columnar member 104 with lengths | of soft parts 14b, 16b in the
direction along the main axis Om not made 0.01 time to 0.15 time the heights H of the vertical walls 14, 16 is subjected to a
compressive load under the same conditions of FIG. 6A to FIG. 6C.
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[0048] AsshowninFIG.8, eveninthe columnarmember 104 with lengths | of the soft parts 14b, 16b in the direction of the
main axis Om not made 0.01 time to 0.15 time the heights H of the vertical walls 14, 16, wrinkle-like bulges 14c, 16¢ are
formed at the vertical walls 14, 16 and a recess 13ais formed at the top plate 12 at the position of the bend inducing part 22.
However, if lengths | of the soft parts 14b, 16b in the direction of the main axis Om are not made 0.01 time to 0.15 time the
heights H of the vertical walls 14, 16, the soft parts 14b, 16b end up deforming to recessed shapes overall and projecting
parts 13c are not formed at the top parts of the soft parts 14b, 16b, so the facing inside walls of the groove shape do not
collide with each other at the back sides of the projecting parts 13c. Further, the facing inside walls 13b of the groove-
shaped recess 13a are separated by the width d1. At that time, the facing inside walls 13b do not collide with each other.
Therefore, in the columnar member 104 with lengths | of the soft parts 14b, 16b in the direction of the main axis Om not
made 0.01 time to 0.15 time the heights H of the vertical walls 14, 16, at the point of time of FIG. 8, the facing inside walls of
the groove shape at the bent part do not collide with each other, so no force acts resisting bending and a drop in the reaction
force cannot be suppressed.

[0049] Next, the characteristics showing the relationship between the stroke and reaction force of a columnar member
100 with lengths | of the soft parts 14b, 16b in the direction along the main axis Om made 0.01 time to 0.15 time the heights H
of the vertical walls 14, 16 according to the present embodiment will be explained in comparison with the characteristic of a
columnar member 102 of the base member model at which the soft parts 14b, 16b are not provided. FIG. 5is a perspective
view showing the configuration of the columnar member 102 of the base member model at which soft parts 14b, 16b are not
provided. The constitution of the columnar member 102 shown in FIG. 5 is the same as the columnar member 100
according to the present embodiment shown in FIG. 3 other than the point of the soft parts 14b, 16b not being provided.
[0050] FIG.9isagraph showing the relationship between the stroke (abscissa) and reaction force (ordinate) if applying
a compressive load in the direction along the main axis Om to the columnar member 100 according to the present
embodiment and the columnar member 102 of the base member model with lengths | of soft parts 14b, 16b in the direction
of the main axis Om made 0.1 time the heights H of the vertical walls 14, 16. In FIG. 9, the characteristic C1 shown by the
solid line shows the characteristic of the stroke and reaction force at the columnar member 100 of the present embodiment
when making the lengths | of the soft parts 14b, 16b in the direction along the main axis Om 0.1 time the heights H of the
vertical walls 14, 16. Further, the characteristic C2 shown by the broken line shows the characteristic of the stroke and
reaction force at the columnar member 102 of the base member model.

[0051] Further, FIG. 10A to FIG. 10C and FIG. 11A to FIG. 11C are views showing states of bending deformation of
columnar members 100, 102 at the timings of strokes S1, S2, and S3 in the characteristics of the stroke and reaction force
shown in FIG. 9. FIG. 10A to FIG. 10C are views showing states of bending deformation of columnar members 100 of the
presentembodiment with lengths | of soft parts 14b, 16b in the direction of the main axis Om made 0.1 time the heights H of
the vertical walls 14, 16. Further, FIG. 11Ato FIG. 11C show the states of bending deformation of columnar members 102 of
the base member model. FIG. 10Aand FIG. 10C and FIG. 11A to FIG. 11C show the states where columnar members 100,
102 broke along the one-dot chain lines I-I' shown in FIG. 3 and FIG. 5 at the respective timings. Further, FIG. 10B is a
cross-sectional view showing the state where a columnar member 100 broke along the one-dot chain line II-II' shown in
FIG. 10A.

[0052] FIG. 10A and FIG. 11A show states of bending deformation of columnar members 100, 102 at the timing of the
stroke S1 shownin FIG. 9. Further, FIG. 10C and FIG. 11B show states of bending deformation of columnar members 100,
102 at the timing of the stroke S2 shown in FIG. 9. Further, FIG. 11C shows a state of bending deformation of a columnar
member 102 at the timing of the stroke S3 shown in FIG. 9.

[0053] AsshowninFIG.?9,if applyingacompressive load to columnar members 100, 102 in the direction of the main axis
Om, until the stroke reaches S0, the reaction force increases along with an increase of the stroke. If the stroke reaches S0,
the columnar members 100, 102 bend at the position of the bend inducing part 22.

[0054] Starting from the stroke SO, the bending deformation of the columnar member 100 progresses. Along with the
increase of the stroke, the reaction force falls. In the columnar member 100 of the present embodiment, a groove-shaped
recess 13d is formed in the top plate 12. The lengths | of the soft parts 14b, 16b in the direction along the main axis Om are
not made 0.1 time the heights H of the vertical walls 14, 16, so due to bending of the vertical walls 14, 16 at the positions of
the soft parts 14b, 16b, projecting parts 13c bulging outside are formed at the top parts of the vertical walls 14, 16. On the
otherhand, in the columnar member 102 of the base member model, a groove-shaped recess 13ais formed in the top plate
12, but since there are no soft parts 14b, 16b with lengths | made 0.01 time to 0.15 time the heights H of the vertical walls 14,
16, no projecting parts 13c are formed at the columnar member 100 of the present embodiment. Until the stroke reaches
S1, at both the characteristic C1 and the characteristic C2, the reaction force continuously falls along with an increase of
the stroke.

[0055] Ifthe stroke reaches S1, atthe columnar member 100 of the presentembodiment, as shownin FIG. 10Aand FIG.
10B, the back sides of the projecting parts 13c formed at the top parts of the vertical walls 14, 16 become groove shaped.
The facing inside walls 13f of the groove shape collide with each other (first collision). In this way, in the columnar member
100 of the present embodiment, the lengths | of the soft parts 14b, 16b are made 0.1 time the heights H of the vertical walls
14, 16, so projecting parts 13c bulging to the outside are formed at the top parts of the vertical walls 14, 16. Atthe time when
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the stroke reaches S1, the facing inside walls 13f of the groove shape collide with each other at the rear sides of the
projecting parts 13c, soitis possible to cause a collision early. Due to this, at the solid line characteristic C1 shownin FIG. 9,
the reaction force temporarily increases after the stroke S1. After that, until the stroke S2, the reaction force of the
characteristic C1 gradually decreases.

[0056] On the other hand, at the columnar member 100 of the base member model, as shown in FIG. 11A, even if the
stroke reaches S1, nothing corresponding to the projecting parts 13 ¢ of the columnar member 100 of the present
embodiment are formed. Further, a relatively large space is formed between the facing inside walls 13b of the groove-
shapedrecess 13a, so atthat stage, no collision occurs. Therefore, in the characteristic C2 of the broken line shown in FIG.
9, the reaction force continues to decrease even after the stroke S1.

[0057] Whenthe stroke reaches S2, atthe columnar member 100 of the present embodiment, as shownin FIG. 10C, the
facing inside walls 13e of the groove-shaped recess 13d collide with each other (second collision). Due to this, in the
characteristic C1 of the solid line shown in FIG. 9, the reaction force temporarily increases after the stroke S2 on. After that,
the reaction force of the characteristic C1 remains substantially constant even if the stroke increases.

[0058] On the other hand, at the columnar member 102 of the base member model, as shown in FIG. 11B, even if the
stroke reaches S2, the facing inside walls 13b of the groove-shaped recess 13a still do not collide with each other and a
space is present between the facing inside walls 13b. For this reason, in the characteristic C2 of the broken line shown in
FIG. 9, the reaction force continues to decrease even after the stroke S2.

[0059] If the stroke reaches S3, at the columnar member 102 of the base member model, as shown in FIG. 11C, the
facing inside walls 13b of the groove-shaped recess 13a finally collide with each other. Due to this, in the characteristic C2
of the broken line shown in FIG. 9, the reaction force increases after the stroke S3, after that, in the same way as the
characteristic C1, the reaction force remains substantially constant even if the stroke increases.

[0060] Inthe above way, atthe characteristic C1 of the columnar member 100 according to the present embodiment with
the lengths | of the soft parts 14b, 16b in the direction along the main axis Om made 0.1 time the heights H of the vertical
walls 14, 16, the inside walls 13f and inside walls 13e collide with each other a total of two times at timings of the stroke S1
and stroke S2, so a drop in the reaction force after the stroke S1 is suppressed. Due to this, a large reaction force can be
generated by a small stroke, so it becomes possible to efficiently absorb energy at the time of collision in a smaller space.
[0061] On the other hand, at the columnar member 102 of the base member model, the facing inside walls 13b do not
collide with each other until reaching the stroke S3, so the reaction force continues to decrease until the inside walls 13b
collide with each other. Therefore, at the columnar member 102 of the base member model, compared to the columnar
member 100 of the present embodiment, the reaction force generated at the time of the same stroke ends up falling more
and a larger space is required for absorbing the same impact energy as the columnar member 100 of the present
embodiment.

[0062] In FIG. 9, the area of the region surrounded by the characteristic C1 or the characteristic C2 and the abscissa
shows the magnitude of the impact energy absorbed by bending deformation of the columnar member 100. According to
the characteristic C1 of the columnar member 100 of the present embodiment where soft parts 14b, 16b are provided atthe
vertical walls 14, 16 and the lengths | of the soft parts 14b, 16b in the direction of the main axis Om are made 0.1 time the
heights H of the vertical walls 14, 16, compared with the characteristic C2 of the columnar member 102 of the base member
model not provided with the soft parts 14b, 16b at the vertical walls 14, 16, impact energy larger by exactly the amount of the
area shown by the hatching is absorbed.

[0063] Note that, in the above-mentioned embodiment, a bend inducing part 22 comprised of a recessed bead was
shown, but the bend inducing part 22 need only be a portion acting as the starting point of bending of the columnar member
100 and a partwith a strength lower than the parts adjoining the bend inducing part 22 at the top plate 12. The bend inducing
part 22 may also be comprised of a projecting part, hole, or point of change of curvature of the columnar member 100
provided at the top plate 12. Further, the bend inducing part 22 may also be comprised of a portion where the material
strength of the columnar member 100 locally falls.

[0064] Forexample, FIG. 19is a perspective view showing an example where the bend inducing part 22 is comprised of
ahole provided atthe top plate 12. Further, FIG. 20 is a perspective view showing an example where the bend inducing part
22 is comprised between four recessed beads 23 extending in the direction of the main axis Om. The bending rigidity of the
columnar member 100 is determined by the shape of the cross-section perpendicularly intersecting the main axis Om.
Bending deformation easily occurs at the point of change of the cross-sectional secondary moment. In each of the
examples of FIG. 19 and FIG. 20, the cross-sectional secondary moment of the cross-section perpendicularly intersecting
the main axis Om changes at the position of the bend inducing part 22, so if a compressive load is applied in the direction of
the main axis Om of the columnar member 100, the bend inducing part 22 becomes the starting point of the bending. FIG.
19 is an example where the cross-sectional secondary moment changes to a low at the bend inducing part 22, while FIG.
20is an example where the cross-sectional secondary moment changes to a high at the recessed beads 23 and as aresult
the cross-sectional secondary moment changes to a low at the bend inducing part 22. In the example of FIG. 20, the
recessed beads 23 provided at the top plate 12 are forms of the reinforcing parts. In the example of FIG. 20, instead of
provision of the recessed beads 23 at the top plate 12, itis also possible to join a resin member etc. to the region provided
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with the beads 23 to obtain reinforcing parts. As shown in FIG. 20, the top plate 12 may have at least two reinforcing parts
(beads 23) provided separated from each other in the direction of extension of the columnar member 100, and the bend
inducing part 22 may be positioned between reinforcing parts separated in the direction of extension of the columnar
member 100.

[0065] Further, FIG. 22 is a perspective view showing an example where the bend inducing part 22 is comprised of a V-
shaped bend inducing bead formed so as to span the ridge parts of the two side edges 12a, 12b of the top plate 12. As
shownin FIG. 22, the bend inducing part 22 is comprised of aregion including the top plate 12 and the ridge parts of the two
side edges 12a, 12b of the top plate 12.

[0066] Further, as shown in FIG. 23 to FIG. 40, as the constitution of the bend inducing part 22, the constitutions
disclosed in Japanese Unexamined Patent Publication No. 2018-149912 may be applied. FIG. 23 to FIG. 40 are schematic
views showing other examples of the bend inducing part 22 provided at the columnar member 100 according to the present
embodiment. As shown in FIG. 23, the bend inducing part 22 may be comprised of a circular hole provided at the top plate
12. Further, as shown in FIG. 24, the bend inducing part 22 may also be comprised of a plurality of holes provided at the top
plate 12. In this case, for example, the plurality of holes may be provided aligned in a direction perpendicular to the
longitudinal direction of the columnar member 100. Further, as shown in FIG. 25, the bend inducing part 22 may be
comprised of a hole provided at the ridge part of the side edge 12a or side edge 12b. Further, as shownin FIG. 26, the bend
inducing part 22 may be comprised of a circular recessed part provided at the top plate 12. Further, as shown in FIG. 27, the
bend inducing part 22 may be comprised of a plurality of circular recessed parts provided at the top plate 12. In this case, for
example, the plurality of recessed parts may be provided aligned in a direction perpendicular to the longitudinal direction of
the columnar member 100. Further, as shown in FIG. 28, the bend inducing part 22 may be comprised of a rounded edge
rectangular shaped bead (recessed part) extending in a direction perpendicular to the longitudinal direction of the
columnar member 100. Further, as shown in FIG. 29, the bend inducing part 22 may be comprised of a recessed part
provided at the ridge part of the side edge 12a or the side edge 12b. Further, as shown in FIG. 30, two rectangular shape
recessed parts 24 extending along the longitudinal direction of the columnar member 100 may be provided and the bend
inducing part 22 may be comprised between the two recessed parts 24. Note that, in the example of FIG. 30, the recessed
parts 24 are forms of the reinforcing parts. Further, as shown in FIG. 31, the bend inducing part 22 may be comprised of a
circular projecting part provided at the top plate 12. Further, as shown in FIG. 32, the bend inducing part 22 may be
comprised of a plurality of projecting parts provided at the top plate 12. In this case, for example, the plurality of projecting
parts may be provided aligned in a direction perpendicular to the longitudinal direction of the columnar member 100.
Further, as shown in FIG. 33, the bend inducing part 22 may be comprised of a projecting part provided at the top plate 12
and extending in a direction perpendicular to the longitudinal direction of the columnar member 100. Further, as shown in
FIG. 34, the bend inducing part 22 may be comprised of a projecting part provided at the ridge part of the side edge 12a or
the side edge 12b. Further, as shown in FIG. 35, two projecting parts 26 extending along the longitudinal direction of the
columnar member 100 may be provided and the bend inducing part 22 may be comprised between the two projecting parts
26. Note that, in the example of FIG. 35, the projecting parts 26 are forms of the reinforcing parts. Further, as shownin FIG.
36, the hat shape member 10 of the columnar member 100 may be provided with a first sheet thickness part 12c and a
second sheet thickness part 12d, the thickness of the steel sheet may differ between the first sheet thickness part 12c and
the second sheet thickness part 12d, and the bend inducing part 22 may be a part at the thin side of the sheet thickness at
the boundary of the first sheet thickness part 12c and the second sheet thickness part 12d (part between boundary and
broken line shown in FIG. 36). Note that, the first sheet thickness part 12c is thinner in sheet thickness than the second
sheet thickness part 12d. Further, as shown in FIG. 37, in the direction along the circumferential direction of the hat shape
member 10, a thin part relatively thinner in sheet thickness than other parts may be provided and the bend inducing part 22
may be comprised of this thin part. Further, as shown in FIG. 38, the bend inducing part 22 may also be comprised of a
different strength part having a yield strength different from (yield strength lower than) other parts of the hat shape member
10 and provided along the circumferential direction of the hat shape member 10. Further, as shown in FIG. 39, a bend
inducing part 22 comprised of a different strength part may also be partially provided at the top plate 12. Further, as shown
in FIG. 40, the hat shape member 10 of the columnar member 100 may be provided with a first strength part 12e and
second strength part 12f, the yield strength of the steel sheet may differ between the first strength part 12e and second
strength part 12f, and the bend inducing part 22 may be the part at the low strength side at the boundary of the first strength
part 12e and the second strength part 12f (part between boundary and broken line shown in FIG. 40). Note that, the first
strength part 12e is a part with a strength lower than the second strength part 12f.

[0067] Further, in the above-mentioned embodiment, the example where the bend inducing part 22 was provided at the
top plate 12 was shown, but the bend inducing part 22 may also be provided at the plate-shaped member 30 atthe opposite
side of the top plate 12.

[0068] Further, in the above-mentioned embodiment, the example where the columnar member 100 was comprised of
the hat shape member 10 and plate-shaped member 30 was shown, but the columnar member 100 may also be comprised
of two hat shape members. FIG. 21 is a schematic view showing an example where the columnar member 100 is
comprised of a hat shape member 10 and hat shape member 50 and a schematic view showing a cross-section along a
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direction perpendicular to the direction of the main axis Om of the columnar member 100. In the columnar member 100
shown in FIG. 21, the flange parts 52, 54 of the hat shape member 50 are joined to the flange parts 18, 20 of the hat shape
member 10 by spot welding, line welding, etc. The top plate 56 of the hat shape member 50 may be positioned at the hat
shape member 10 side and may be positioned at the opposite side from the hat shape member 10. Note that, FIG. 21
shows a cross-section of the position where no recessed part or hole etc. corresponding to the bend inducing part 22 is
provided at the direction of the main axis Om.

[0069] As explained above, according to the present embodiment, by providing the soft parts 14b, 16b at the vertical
walls 14 at the position of the bend inducing part 22 and making the lengths | of the soft parts 14b, 16b in the direction along
the main axis Om 0.01 time to 0.15 time the heights H of the vertical walls 14, 16, the drop in reaction force due to bending
deformation when a compressive load is applied to the columnar member 100 is suppressed. Due to this, the impact
absorption performance of the columnar member 100 is improved without causing an increase in weight.

EXAMPLES

[0070] Below, specific examples of the present embodiment will be explained.

[0071] Thecolumnarmember 100 was made a structure comprised of a hat shape member 10including abend inducing
part 22 and soft parts 14b, 16b and a plate-shaped member 30 spot welded at flange parts 18, 20. The hat shape member
10 was comprised of a steel sheet with a tensile strength of the 1180 MPa class and a sheet thickness of 1.6 mm, while the
plate-shaped member 30 was comprised of a steel sheet with a tensile strength of the 980 MPa class and a sheet thickness
of 1.2 mm.

[0072] The spotwelding pitchwas made 30 mm while the weld diameter of the spot welding was made 6 mm. Further, the
member length (L1 shown in FIG. 6A) was made 340 mm, the height of the hat shape member 10 (H shown in FIG. 4) was
made 72 mm, and the width of the plate-shaped member 30 (W shown in FIG. 4) was made 160 mm. This was made
common for all of the columnar members 100 and the columnar member 102 of the base member model.

[0073] As a result of intensive studies of the inventors, it was learned that the reaction force and amount of energy
absorption differ from the base member model depending on the shape (aspect ratio) and strength ratio of the soft parts
14b, 16b.

[0074] FIG. 12is a schematic view showing in detail a soft part 14b provided at the vertical wall 14. Further, FIG. 13is a
cross-sectional view showing enlarged a vicinity of the soft part 14bin FIG. 3. InFIG. 12 and FIG. 13, h1 shows the distance
from the surface of the top plate 12 to the bottom end of the ridge part (bent arc part) 15 at the boundary of the top plate 12
and the vertical walls 14, 16. The end parts of the soft parts 14b, 16b at the top plate 12 side (top ends of soft parts 14b, 16b)
are positioned at the end parts of the ridge parts 15 connecting the top plate 12 and the vertical walls 14, 16 (ridge parts 15
atdistance of h1 fromtop plate 12). As shownin FIG. 12, the shapes of the soft parts 14b, 16b are determined by the lengths
I (mm)and heights "h" (mm) in the direction of the main axis Om. Note that, the bottom ends of the ridge parts 15 correspond
to the top edge parts of the vertical walls 14, 16.

Relationship of Shapes of Soft Parts and Reaction Force

[0075] First, the results of study of the relationship of variations of the shapes of the soft parts 14b, 16b corresponding to
the lengths 1 and heights "h" and the reaction force will be shown. A comparison of the reaction force of a columnar member
100 provided with the soft parts 14b, 16b with a columnar member 102 of a base member model formed with the bend
inducing part 22 at the center of the web surface in the longitudinal direction such as shown in FIG. 5 was performed by
CAE.

[0076] Inthe study of the reaction force, a plurality of variations were prepared for the lengths | (mm) of the soft parts 14b,
16b in the direction of the main axis Om shown in FIG. 12 and the heights "h" (mm) of the soft parts 14b, 16b and a
characteristic showing the relationship between the stroke and reaction force similar to FIG. 9 was obtained for each
variation of sizes of the soft part 14b, 16b.

[0077] Atthistime,inthe sameway as FIG. 6A, the deformation in the case of making shafts inserted into holes 42 of the
tools 40 at the two ends of the columnar member 100 approach each other was analyzed. In FIG. 6A, shafts running along
the width direction of the columnar member 100 were inserted in holes 42 provided at positions of L2=67 mm from the end
parts in the longitudinal direction of the columnar member 100 and L3=15 mm from the top plate 12 in the height direction
and these shafts were made to approach each other at 500 mm/s speed to impart forced displacement and analyze
bending deformation of the columnar members 100, 102.

[0078] FIG. 14 is a graph showing a relationship between a stroke and reaction force for every variation of shape of the
soft parts 14b, 16b. As variations of shapes of the soft parts 14b, 16b, several shapes with different lengths | (mm) in the
direction of the main axis Om and height "h" (mm) were prepared and measured for the characteristics C1 to C6 of the
stroke and reaction force shown in FIG. 14. In the characteristics C1 to C6, the ratios of the lengths | (mm) and heights "h"
(mm) to the height H are as shown in the following Table 1. Note that, the characteristic C1 and the characteristic C2 shown
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in FIG. 14 are the same as the characteristic C1 and the characteristic C2 shown in FIG. 9. In the columnar members 100
provided with the soft parts 14b, 16b, members with a higher reaction force than the columnar member 102 of the base
member model in the process of drop of the reaction force were designated as invention examples and members with a
lower reaction force than the columnar member 102 of the base member model were designated as comparative
examples.

[Table 1]

Characteristic | I/H h/H Strengthratio | Remarks
C1 0.1 0.33 0.2 Inv. ex.

C2 No soft parts (base member No soft parts (base member Comp. ex.

model) model)

C3 0.33 0.90 0.2 Inv. ex.

C4 0.33 0.20 0.2 Inv. ex.

C5 0.4 0.33 0.2 Comp. ex.
Cc6 0.4 0.20 0.2 Comp. ex.

[0079] As shown in FIG. 14, in the comparison with the base member model (the characteristic C2), right after the

occurrence of initial collision, the reaction force of the characteristic C1 was the largest, then the reaction force was largerin
order of the characteristic C3 and the characteristic C4. From the results, if I/H is 0.1 or more and 0.33 or less, itis learned
that the drop in the reaction force can be suppressed without regard as to the heights "h" (mm) of the soft parts 14b, 16b.
Further, ifI/His 0.4, the lengths | in the direction of the main axis Om are notmade 0.01 time to 0.15 time the heights H of the
vertical walls 14, 16, so if applying a compressive load, the soft parts 14b, 16b easily deform and the reaction force became
lower than the base member model from right after the stroke SO.

Relationship of Strength of Soft Part and Reaction Force

[0080] Next, theresults of study of the relationship of the variations of strengths of the soft parts 14b, 16b and the reaction
force will be shown. FIG. 15 is a graph showing a relationship between a stroke and reaction force for every variation of
strength of the soft parts 14b, 16b. As shown in the following Table 2, the values of I/H and h/H were respectively made fixed
values of 0.10 and 0.33, the ratios of the yield strength of the soft parts 14b, 16b with respect to the yield strength of the base
member other than the soft parts 14b, 16b were made 0.2, 0.4, 0.6, 0.8, and 0.9, and forced displacement was given to
columnarmembers 100 under the same conditions as the above. In the columnar members 100 provided with the soft parts
14b, 16b, members with a higher reaction force than the columnar member 102 of the base membermodel in the process of
drop of the reaction force were designated as invention examples and members with a lower reaction force than the
columnar member 102 of the base member model were designated as comparative examples.

[Table 2]
Characteristic | I/H h/H Strengthratio | Remarks
C1 0.10 0.33 0.2 Inv. ex.
C2 No soft parts (base member No soft parts (base member Comp. ex.
model) model)

Cc7 0.10 0.33 0.4 Inv. ex.
C8 0.10 0.33 0.6 Inv. ex.
C9 0.10 0.33 0.8 Inv. ex.
C10 0.10 0.33 0.9 Comp. ex.

[0081] AsshowninFIG. 15, in the comparison with the base member model (characteristic C2), the maximum reaction
force of the characteristic C1 (first occurring peak reaction force corresponding to reaction force at stroke SO where
columnar members 100, 102 bent) was the smallest. Next, the maximum reaction force was larger in the order of the
characteristics C7, C8, C9, and C10. The result was obtained that if the lengths | of the soft parts 14b, 16b are made 0.01
time to 0.15 time of the heights H of the vertical walls 14, 16, the smaller the strength ratio, the smaller the first occurring
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peak reaction force. Therefore, itis learned that the amount of energy absorption rises by the first peak reaction force rising
the greater the strength ratio. Further, right after the initial collision occurs (stroke S1), the reaction force of the
characteristic C1 became largest then the reaction force became larger in the order of the characteristics C7, C8, C9,
and C10. Fromthis, itis learned thatif the strength ratio is small, the reaction force at the time of the first occurring peak falls,
but the reaction force right after the initial collision occurs becomes larger and the first collision and second collision
become earlier, so the amount of energy absorption rises.

Amount of Energy Absorption

[0082] Further, under the same conditions as the above, a columnar member 100 was given forced displacement and
the relationship of the sizes of the soft parts 14b, 16b (lengths I, heights "h"), the strength ratio with respect to the base
member, and the angles of the vertical walls 14, 16 (6 shown in FIG. 4) with the energy absorption performance of the
columnar member 100 were studied by comparison with the amount of energy absorption at the base member model.
[0083] Inthe same way as the above, the sizes of the soft parts 14b, 16b were expressed as ratios with respect to the
heights H of the vertical walls 14, 16. Variations of ratios 0.1, 0.2, 0.25, 0.33, 0.4, 0.5, 0.75, and 1.0 were prepared for the
lengths | and heights "h". The variations of the angles of the vertical walls were made the five types of 50°, 60°, 70°, 80°, and
90°. Further, the variations of the strength ratios were made 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9.

[0084] When studying the length |, the ratio of the height "h" to the height H was made 0.33, the angle of the vertical walls
was made 80°, and the strength ratio was made 0.2. When studying the height "h", the ratio of the length | to the height H
was made 0.1, the angle of the vertical walls was made 80°, and the strength ratio was made 0.2. When studying the angle
ofthe vertical walls, the ratio of the length | to the height H was made 0.1, the ratio of the height "h" to the height H was made
0.33, and the strength ratio was made 0.2. When studying the strength ratio, the ratio of the length | to the height H was
made 0.1, the ratio of the height "h" to the height H was made 0.33, and the angle of the vertical walls was made 80°. The
levels are shown in the following Table 3.

[Table 3]
Item of study Size of | (-) Size of "h" (-) Angle of vertical walls | Strength ratio (-)
)
Study of length | | 0,0.01,0.05,0.1,0.15, | 0.33 80 0.2
0.2,0.33,04,0.6,0.9

Study of height | 0.1 0,0.01,0.05,0.1,0.15, | 80 0.2

"h" 0.2,0.33,04,0.6,0.9

Study ofangle 6 | 0.1 0.33 50, 60, 70, 80, 90 0.2

Study of 0.1 0.33 80 0.2,0.3,0.4, 0.5,
strength ratio 0.6, 0.7, 0.8, 0.9

[0085] FIG.16AtoFIG. 16D show theresults ofthe study. InFIG. 16Ato FIG. 16D, the ordinates show the ratio of amount
of energy absorption of the columnar member 100 being studied to the amount of energy absorption at the base member
model (ratio of amount of energy absorption). If this ratio is larger than 1, the amount of energy absorption becomes larger
than the base member model.

[0086] FIG. 16A shows the relation of the lengths | of the soft parts 14b, 16b and the ratio of amount of energy absorption.
In FIG. 16A, the abscissa shows the ratio I/H of the lengths | (mm) to the heights H. As shown in FIG. 16A, if I/H is 0.01 or
more and 0.15 or less, the ratio of amount of energy absorption with respect to the base member model became larger than
1. Onthe other hand, if I/H becomes larger than 0.15, the lengths | of the soft parts 14b, 16b in the direction of the main axis
Om s not made 0.01 time to 0.15 time the heights H of the vertical walls 14, 16, so the ratio of amount of energy absorption
with respect to the base member became smaller than 1. More preferably, if I/H is 0.01 or more and 0.11 or less, the ratio of
amount of energy absorption with respect to the base member became remarkably larger.

[0087] FIG. 16B shows the relationship of the heights "h" of the soft parts 14b, 16b and the ratio of amount of energy
absorption. In FIG. 16A, the abscissa shows the ratio h/H of the heights "h" (mm) to the heights H. As shown in FIG. 16B, if
h/His0.15 ormore and 0.9 orless, the ratio of amount of energy absorption with respect to the base member became larger
than 1. More preferably, if h/H is 0.15 or more and 0.4 or less, the ratio of amount of energy absorption with respect to the
base member became remarkably larger.

[0088] FIG. 16C shows the relationship of the angle of the vertical walls and the ratio of amount of energy absorption. In
FIG. 16C, the abscissa shows the angle of the vertical walls. As shown in FIG. 16C, at all of the angles of the vertical walls,
the ratio of amount of energy absorption with respect to the base member model became larger than 1.
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[0089] FIG. 16D shows the relationship of the strength ratio and the ratio of amount of energy absorption. In FIG. 16D,
the abscissa shows the strength ratio. As shown in FIG. 16D, if the strength ratio was 0.9, no first collision occurs, so as a
result no improvement in the amount of energy absorption could be found, but if the strength ratio was 0.2 or more and 0.8
orless, the ratio of amount of energy absorption with respect to the base member model was largerthan 1. More preferably,
if the strength ratio was 0.3 or more and 0.7 or less, the ratio of amount of energy absorption with respect to the base
member became remarkably larger.

[0090] Notethat,inFIG.16AandFIG. 16B, the data of the ratio of amount of energy absorption in the case of aratio of the
abscissa (I/H, h/H) of 0.0 show the results at the base member model where no soft parts 14b, 16b are provided.

Distance From Ridge Parts to Top Ends of Bead Parts

[0091] Ifthe columnar member 100 is subjected to a compressive load in the direction of the main axis Om, a relatively
large reaction force is generated at the ridge parts 15. For this reason, if the soft parts 14b, 16b enter into the ridge parts 15,
the reaction force generated at the ridge parts 15 ends up being reduced and the impact energy absorption ability of the
columnar member 100 falls. For this reason, preferably the positions of the top ends of the soft parts 14b, 16b become
lower than the ridge parts 15.

[0092] More preferably, the positions of the top ends of the soft parts 14b, 16b match the positions of the bottom ends of
the ridge parts 15 at the distance of h1 from the top plate 12. According to this constitution, if the columnar member 100 is
subjected to a compressive load, at the ridge parts 15, a large reaction force is generated and the facing inside walls 13f at
the back side of the projecting part 13c can be made to collide with each other earlier.

[0093] Onthe other hand, even when the positions of the top ends of the soft parts 14b, 16b are lower than the positions
of the bottom ends of the ridge parts 15, itis possible to increase the reaction force with respect to the base member model.
[0094] FIG. 17 is aschematic view showing in detail a soft part 14b provided at a vertical wall 14 in the same way as FIG.
12 and shows the example where a space "s" is provided between the positions of the top ends of the soft parts 14b, 16b
and the positions of the bottom ends of the ridge parts 15.

[0095] FIG. 18,inthe sameway as FIG. 9, is a graph showing relationships between the stroke and the reaction force of
the columnar members 100, 102 and shows the characteristic C11 at the columnar member 100 when making the space
"s" shown in FIG. 17 5 mm together with the characteristic C1 and the characteristic C2 of FIG. 9. The I/H of the columnar
member 100 when making the space "s" 5 mm, the lengths of the soft parts 14b, 16b of the vertical walls 14, 16 in the height
H direction, the strength ratio, and the angle of the vertical walls were made the same as the columnar member 100 giving
the characteristic C1.

[0096] AsshowninFIG. 18, inthe characteristic C11 of the columnar member 100 providing a space of 5 mm between
the positions of the top ends of the soft parts 14b, 16b and the positions of the bottom ends of the ridge parts 15, compared
with the characteristic C1, the reaction force right after the stroke S1 where the initial collision occurs falls, but the reaction
force becomes much higher than the characteristic C2 of the base member model. Therefore, as showninFIG. 17, itis also
possible to provide the space "s" between the positions of the top ends of the soft parts 14b, 16b and the positions of the
bottom ends of the ridge parts 15. In this case, the positions of the top ends of the soft parts 14b, 16b and the positions of the
bottom ends of the ridge parts 15 need not necessarily be made to match, so the freedom of design of the soft parts 14b,
16b becomes greater and a reduction in the production costs can be expected.

REFERENCE SIGNS LIST
[0097]

10, 50. hat shape members
12, 56. top plates

12a, 12b. side edges

13a, 13d. recesses

13b, 13e, 13f. inside walls
13c. projecting part

14. vertical wall

14a, 16a. edge parts

14b, 16b. soft parts

15. ridge part

16. vertical wall

18, 20, 52, 54. flange parts
22. bend inducing part

30. plate-shaped member
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40. tool

42. hole

100, 102, 104. columnar members
110. car body floor

Claims

1. A columnar member (100) having at least
a top plate (12) and
two vertical walls (14, 16) connected to the top plate (12) at ridge parts at both side edges of the top plate (12) and
extending along the ridge parts,
which columnar member (100)
having a bend inducing part (22) at least at a part of the top plate (12) and
the bend inducing part (22) being a part with a strength lower than a part adjoining the bend inducing part (22) at
the top plate (12),
and characterised in that each of the two vertical walls (14, 16) having a soft part (14b, 16b) at a position
adjoining the ridge part and corresponding to the bend inducing part (22) in a direction of extension of the
columnar member (100), and in that each of the soft parts (14b, 16b) having yield strength lower than a part
adjoining each of the soft parts (14b, 16b) at the vertical wall (14, 16), each of maximum lengths (I) of each of the
soft parts (14b, 16b) in the direction of extension of the columnar member (100) being 0.01 times to 0.15 times a
height of each of the two vertical walls (14, 16).

2. Thecolumnarmemberaccording to claim 1, where each of the lengths of each of the soft parts in the height direction of
the vertical wall is 0.15 time to 0.9 time the height of each of the two vertical walls (14, 16).

3. Thecolumnarmemberaccording to claim 1 or 2, where each of ratios of each of yield strengths of each of the soft parts
(14b, 16b) with each of yield strengths of each of parts adjoining each of the soft parts (14b, 16b) at the vertical walls
(14, 16) is 0.2 to 0.8.

4. The columnar member according to any one of claims 1 to 3, wherein end parts of the soft parts (14b, 16b) at the top
plate (12) sides are positioned at end parts of the ridge parts connecting the top plate (12) and the vertical walls (14, 16)
at the vertical wall (14, 16) sides.

5. The columnar member according to any one of claims 1 to 4, wherein the bend inducing part (22) is comprised of a
recessed part, hole, or projecting part provided at the top plate (12).

6. The columnar member according to any one of claims 1 to 4, wherein

the top plate (12) has at least two reinforcing parts provided separated from each otherin the direction of extension
of the columnar member (100), and

the bend inducing part (22) is positioned between the reinforcing parts separated from each other in the direction
of extension of the columnar member (100).

7. The columnar member according to any one of claims 1 to 5, wherein the bend inducing part (22) includes recessed
part, hole, or projecting part provided at the ridge part connecting the top plate (12) and the vertical wall (14, 16).

8. The columnar member according to any one of claims 1 to 7, forming a front side member (116a, 116b) or rear side
member of a vehicle (117a, 117b).

Patentanspriiche

1. Saulenférmiges Element (100), mit mindestens:

einer oberen Platte (12); und
zwei vertikalen Wanden (14, 16), die mit der oberen Platte (12) an Kantenabschnitten an beiden Seitenrédndern
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der oberen Platte (12) verbunden sind und sich entlang der Kantenabschnitte erstrecken, wobei
das saulenférmige Element (100)

mindestens an einem Abschnitt der oberen Platte (12) einen biegungsinduzierenden Teil (22) aufweist, und
der biegungsinduzierende Teil (22) ein Teil ist, der eine geringere Festigkeit hat als ein Teil, das dem
biegungsinduzierenden Teil (22) an der oberen Platte (12) benachbart ist, und

dadurch gekennzeichnet, dass

jede der beiden vertikalen Wande (14, 16) einen weichen Teil (14b, 16b) an einer Position aufweist, die dem
Kantenabschnitt benachbart ist und dem biegungsinduzierenden Teil (22) in einer Erstreckungsrichtung des
saulenférmigen Elements (100) entspricht, und

dadurch, dass

jederderweichen Teile (14b, 16b) eine Streckgrenze aufweist, die niedrigeristals diejenige eines Teils, derjedem
derweichen Teile (14b, 16b) an der vertikalen Wand (14, 16) benachbart ist, wobei jede maximale Lange (I) jedes
der weichen Teile (14b, 16b) in der Erstreckungsrichtung des saulenférmigen Elements (100) das 0,01-fache bis
0,15-fache einer Hohe jeder der beiden vertikalen Wande (14, 16) betragt.

2. Saulenférmiges Element nach Anspruch 1, wobei jede der Langen jedes der weichen Teile in der Héhenrichtung der
vertikalen Wand das 0,15-fache bis 0,9-fache der Héhe jeder der beiden vertikalen Wande (14, 16) betragt.

3. Saulenférmiges Element nach Anspruch 1 oder 2, wobei jedes Verhaltnis der Streckgrenzen jedes der weichen Teile
(14b, 16b) zur Streckgrenze jedes der Teile, die jedem der weichen Teile (14b, 16b) an den vertikalen Wanden (14, 16)
benachbart sind, 0,2 bis 0,8 betragt.

4. Saulenférmiges Elementnach einem der Anspriiche 1 bis 3, wobei Endabschnitte der weichen Teile (14b, 16b)anden
Seiten der oberen Platte (12) an Endabschnitten der Kantenabschnitte angeordnet sind, die die obere Platte (12) und
die vertikalen Wande (14, 16) an den Seiten der vertikalen Wand (14, 16) verbinden.

5. Saulenférmiges Element nach einem der Anspriiche 1 bis 4, wobei der biegungsinduzierende Teil (22) einen
vertieften Teil, ein Loch oder einen hervorstehenden Teil aufweist, das/der an der oberen Platte (12) vorgesehen ist.

6. Saulenformiges Element nach einem der Anspriiche 1 bis 4, wobei

die obere Platte (12) mindestens zwei Verstarkungsteile aufweist, die in der Erstreckungsrichtung des saulen-
férmigen Elements (100) voneinander getrennt vorgesehen sind, und

der biegungsinduzierende Teil (22) zwischen den Verstarkungsteilen angeordnet ist, die in der Erstreckungs-
richtung des saulenférmigen Elements (100) voneinander getrennt vorgesehen sind.

7. Saulenférmiges Element nach einem der Anspriiche 1 bis 5, wobei der biegungsinduzierende Teil (22) einen
vertieften Teil, ein Loch oder einen hervorstehenden Teil aufweist, das/der am Kantenabschnitt vorgesehen ist,
der die obere Platte (12) und die vertikale Wand (14, 16) verbindet.

8. Saulenformiges Element nach einem der Anspriiche 1 bis 7, das ein vorderseitiges Bauteil (116a, 116b) oder ein
rlickseitiges Bauteil eines Fahrzeugs (117a, 117b) bildet.

Revendications
1. Elément colonnaire (100) ayant au moins :

une plaque supérieure (12), et

deux parois verticales (14, 16) raccordées a la plaque supérieure (12) au niveau des parties de créte au niveau
des deux bords latéraux de la plaque supérieure (12) et s’étendant le long des parties de créte,

lequel élément colonnaire (100) ayant une partie d’induction de courbure (22) au moins au niveau d’une partie de
la plaque supérieure (12), et

la partie d’'induction de courbure (22) étant une partie avec une résistance inférieure a une partie attenante a la
partie d’'induction de courbure (22) au niveau de la plaque supérieure (12),

et caractérisé en ce que chacune des deux parois verticales (14, 16) ayant une partie souple (14b, 16b) dans
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une position attenante a la partie de créte et correspondant a la partie d’induction de courbure (22) dans une
direction d’extension de I'élément colonnaire (100), et en ce que :

chacune des parties souples (14b, 16b) ayant une limite d’élasticité inférieure a une partie attenante a chacune
des parties souples (14b, 16b) au niveau de la paroi verticale (14, 16), chacune des longueurs maximum (l) de
chacune des parties souples (14b, 16b) dans la direction d’extension de I'élément colonnaire (100) représentant
de 0,01 fois a 0,15 fois une hauteur de chacune des deux parois verticales (14, 16).

Elément colonnaire selon la revendication 1, dans lequel chacune des longueurs de chacune des parties souples
dans la direction de hauteur de la paroi verticale représente de 0,15 fois a 0,9 fois la hauteur de chacune des deux
parois verticales (14, 16).

Elément colonnaire selon la revendication 1 ou 2, dans lequel chacun des rapports de chacune des limites d’élasticité
de chacune des parties souples (14b, 16b) avec chacune des limites d’élasticité de chacune des parties attenantes a
chacune des parties souples (14b, 16b) au niveau des parois verticales (14, 16) est de 0,2 a 0,8.

Elément colonnaire selon I'une quelconque des revendications 1 a 3, dans lequel les parties d’extrémité des parties
souples (14b, 16b) au niveau des cotés de la plaque supérieure (12) sont positionnées au niveau des parties
d’extrémité des parties de créte raccordant la plaque supérieure (12) et les parois verticales (14, 16) au niveau des
cOtés de la paroi verticale (14, 16).

Elément colonnaire selon I'une quelconque des revendications 1 & 4, dans lequel la partie d’induction de courbure
(22) comprend une partie évidée, un trou ou une partie en saillie prévu(e) au niveau de la plaque supérieure (12).

Elément colonnaire selon 'une quelconque des revendications 1 & 4, dans lequel :

la plaque supérieure (12) a au moins deux parties de renforcement prévues séparées I'une de l'autre dans la
direction d’extension de I'élément colonnaire (100), et

la partie d’induction de courbure (22) est positionnée entre les parties de renforcement prévues séparées'une de
I'autre dans la direction d’extension de I'élément colonnaire (100).

Elément colonnaire selon I'une quelconque des revendications 1 & 5, dans lequel la partie d’induction de courbure
(22) comprend une partie évidée, un trou ou une partie en saillie prévu(e) au niveau de la partie de créte raccordantla

plaque supérieure (12) et la paroi verticale (14, 16).

Elément colonnaire selon I'une quelconque des revendications 1a 7, formant un élémentlatéral avant (116a, 116b) ou
un élément latéral arriére d’'un véhicule (117a, 117b).
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FIG. 2
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FIG. 3
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FIG. 5
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FIG. 8
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FIG. 10A
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FIG. 10C
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FIG. 11B
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FIG. 16A
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FIG. 16C
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FIG. 17

S |hi

14

14b

36




EP 4 151 506 B1

0s1

(ww) 80418
001

0§

8l 914

0l
0¢
0¢
ov
09
09
0L
08
06

(NX) @00

37



EP 4 151 506 B1

FIG. 19
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FIG. 20
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FIG. 21
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FIG. 22
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FIG. 28
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